sent by Dr. W. T. J. Morgan of the Lister Institute, London. This preparation, analyzed in this laboratory, contained 34 per cent glucosamine, 58 per ~nt reducing sugar after hydrolysis , 5.4 per cent nitrogen, and 18 per cent of fucose. It failed to react with Type XIV antipneumococcal horse serum in amounts of from 50 to 500/zg. but after heating at pH 1.78 for 2 hours in a boiling water bath, 500 #g. of substance added to 0.5 ml. H635 gave 63 #g. of specific precipitate nitrogen. Heating for 1 hour at pH 2.2 resulted in only slight reactivity with Type XIV antiserum.
Anfisera were produced by injection of human beings of blood group O or B with hog blood group substances as described by Witebsky, Klendshoj, and McNeil (10) ; the designations of the sera correspond with those of previous studies (4, 1) .
Estimation of the amount of fucose of the added A substance precipitated by an excess of anti-A was carried out as follows: Saline solutions containing known amounts of the A substances (column 2, Table I ) were accurately pipetted into 10 ml. conical pyrex centrifuge tubes and 1.5 to 3.0 ml. portions of serum, previously clarified by centrifugation in the cold at 2000 R.P.M. for at least 4 hours, were added. The contents of the tubes were thoroughly mixed, the tubes covered with sterile caps, incubated at 37°C. for 1 hour, and kept in the refrigerator for 7 to 8 days with daily mixing. Serum blanks containing no A substance were included. The tubes were then centrifuged in a refrigerated centrifuge and the precipitates washed twice in the cold with 3.0 ml. portions of chilled saline as described in reference 4. The supernatant washings were poured into 15 ml. conical tubes and recentrifuged to ensure against loss of small traces of precipitate; the sUpernatant tube was then washed with an additional 3.0 ml. of cold saline. Since the fucose method of Dische and Sherries specifies precise proportions between water and sulfuric acid, the precipitates which had been allowed to drain were treated as follows: all operations were carried out with the tubes immersed in ice water, care being taken to avoid heating on mixing water and sulfuric acid. 0.5 ml. of water and 0.5 ml. of sulfuric acid (6 parts of acid to 1 part of water by volume (6, 3) ) were added to the supernatant tube. Any slight precipitate was dissolved and the contents of the supernatant tube decanted into the tube containing the corresponding main precipitate. This precipitate was dissolved in the tube by gentle mixing and when completely dissolved was transferred to a pyrex test tube (6 inches X 1 inch). An additional 0.5 ml. of water and 0.5 ml. of acid were added to the supernatant tube, decanted into the main tube, and the contents of this tube decanted into the large test tube. The supernatant and main tubes were then successively washed with 1.0, 1.0, and 1.5 ml. portions of sulfuric acid and these washings accumulated in the large test tube which then contained the dissolved precipitate in 1.0 ml. of water and 4.5 ml. of sulfuric acid (6:I); the proportions required (6, 3) . In carrying out these transfers, ample time must be allowed for drainage. This transfer procedure was carried out with known quantities of fucose and shown not to involve any losses. The blank tube containing only serum was treated similarly, and tubes containing known quantities of fucose and a water blank were prepared in the usual manner (6, 3) . The tubes were transferred to a water bath at room temperature for a few minutes, then to a vigorously boiling water bath for exactly 3 minutes, and rapidly cooled to room temperature. 0.1 ml. of a 3 per cent solution of cysteine hydrochloride was added, the contents of the tubes thoroughly mixed, and after 2 hours at room temperature the absorption at 3960 and 4300 A measured in a Beckmann spectrophotometer, the difference being proportional to the fucose content (6) . The small value for the serum blank was subtracted and the fucose content of the dissolved specific precipitates calculated (column 7, Table I ) as well as the percentage of fucose found to fucose added (column 8).
To determine the amount of antibody nitrogen in the tubes analyzed for fucose, an additional set of tubes containing one-third or one-fourth the quantity of serum and of blood group substance in one-third or one-fourth the total volume was set up at the same time as the tubes for the fucose analyses. These tubes which are 8 ml. conical centrifuge tubes marked at a level of 2.5 ml. were washed in a similar manner, the precipitates were dissolved M with the aid of a drop of ~ NaOH made up to 2.5 ml. with water, and 2.0 ml. aliquots analyzed for nitrogen by the Folin-Ciocalteau tyrosine method (5), using a preparation of human gamma globulin as a reference standard (4, 1). The total antibody N precipitated in the fucose tubes was computed (column 9, Table I ) and corrected to zero volume (column 10) using the solubility values of 1.6/zg. N per ml. (11) and 1.2/zg. N per ml. (2) for precipitates formed with hog and human A substances respectively.
Three samples of human gamma globulin were analyzed for fucose and an average ratio of 0.031 for the fucose color value to nitrogen was found. This ratio was employed to calculate the apparent fucose content of the precipitates due to antibody; it does not necessarily represent fucose since a considerable proportion, but not all, of the total optical density was found if the tubes were read at 3960 and 4300 A without the addition of the cysteine. It is possible that some of the additional extinction after addition of cysteine may indicate some fucose. Accordingly this value is referred to as "fucose color due to antibody." It was established, however, by making mixtures of known amounts of A substance and gamma globulin that the extinctions (differences between 3960 and 4300/~) were additive, so that subtraction of the fucose color due to antibody was permissible. The fucose color due to antibody was calculated (column 13) and subtracted from the value for fucose in the specific precipitate corrected for solubility (column 12) to give the fucose in the specific precipitate due to antigen (column 14). This value divided by the amount of fucose in the added A substance gives the percentage of the added fucose precipitated by antibody (column 15). The corresponding values previously obtained for giucosamine are given in column 16.
RESULTS
The data obtained for the hog and human blood group substances are given in Table I , in a form similar to that previously used in presenting results of analyses of specific precipitates for glucosamine (1, 2) except that since the fucose content of each blood group substance was different, column 3 gives the fucose content of each preparation.
The results are best considered in terms of the blood group activities of the various individual preparations. With hogs 1, 3, 4, 5, 8, 9, 10, 15, and 16, after applying the two corrections, values ranging from 79 to 129 per cent (column 15) were obtained for the percentage of the fucose added as A substance which was specifically precipitated by antibody. All these preparations except hogs 9 and 15 showed little or no O activity (8); hogs 9 and 15 were largely A substance but some O substance had been shown to be present (8) ; in the case of hogs 9 and 15, this was reflected in a slightly lower capacity to precipitate anti-A and with hog 9 a value of 70 per cent for glucosamine precipitable by anti-A was found as compared with an average of 84 per cent for six other hog A substances (1). With hog 32 which had been shown to consist largely of O substance with a relatively small amount of A substance only 21 per cent of the fucose was precipitated by anti-A; a value of 10 per cent had previously been obtained for glucosamine precipitated by anti-A. Sample 1A, prepared from gastric mucin, a random mixture of hog stomachs, gave a value of 68 per cent of the fucose In the case of human stomach 2, M. S. 10 per cent precipitate and B. K. 10 per cent precipitate, considerably higher values for fucose precipitable by antibody than for glucosamine precipitable by antibody were found. With the first two of these preparations, it was previously noted (2) , that their capacity to precipitate anti-A was greater than would be expected from their content of glucosamine precipitable by antibody.
DISCUSSION
The estimation of the degree of purity of an antigenic substance by precipitating it with an excess of specific antibody and analyzing the washed specific precipitate for a distinctive constituent of the antigen offers many advantages but is not without its limitations. Its chief advantage is that it provides some indication of the absolute degree of purity of the material. Thus, with six samples of blood group A substance isolated from individual hog stomach linings, an average of 84 per cent of the glucosamine of the A substance was precipitated by anti-A (1). Since the A substances contained about 33 per cent of glucosamine, the data established that within the experimental error of the method, at least 28 per cent of the weight of these preparations was precipitated by anti-A and accordingly, by definition, is a part of the blood group A molecule (1). Such a minimum estimate is of considerable value, especially since products identical in chemical composition and possessing either blood group O activity and no A activity (1, 8, 12) or both blood group A and O activity in various proportions (8) can be obtained from other individual hog stomach linings and it permits exclusion of the possibility that the A activity is associated with but an insignificant proportion of the weight of preparations showing only A activity. In addition, if independent criteria are available indicating that one is dealing with a homogeneous substance, so that the value for the proportion of glucosamine precipitated by antibody becomes a measure of the weight of substance precipitated by antibody, an approximation of the absolute purity of the preparation is obtained. On this basis estimates of the proportions of A substance in samples from individual hog stomach linings or from hog gastric mucin showing both A and O activity could be obtained. Similarly, estimates were made of the purity of blood group A substances from human saliva, stomach, and amniotic fluid. With certain samples essentially all of the glucosamine was precipitable by anti-A and with other samples lower values were found (2); these data correlated well with the capacity of the samples to precipitate anti-A (cf. 11, 1, 2).
The chief requirement for the method to give reliable results is the availability of antiserum containing only antibody to the substance under investigation. In the case of antibody to the blood group A substance, this was established as follows: (1) Anti-A could be formed only in individuals of blood groups O and B and not in individuals of blood groups A and AB; negligible quantities of precipitin were present in the sera of the latter two groups after immunization with A substance. In individuals of blood groups O and B, there was a close correlation between the quantity of antibody nitrogen precipitable by A substance and the anti:A titer (4) . (2) Little or no antibody nitrogen could be precipitated from strong anti-A sera by hog blood group O substances prepared in a manner identical with the hog A substances; maximum values of 10 per cent of the total antibody nitrogen being obtained with the O substances from the sera employed for analyses of specific precipitates (Table V in reference 1). (3) Anti-A could be recovered from specific precipitates by salt dissociation (4) indicating that the specific precipitate did not consist solely of unrelated antigens and antibodies. (4) All of the antibody nitrogen could be precipitated from antisera to hog A substance with human A substance (2) .
The limitations of the method consist in the error in the determination of the constituent to be analyzed and the uncertainties introduced by the correction factors for solubility of the specific precipitate and for the amount of the constituent in the precipitate due to antibody. The error in the determination of the constituent cannot be avoided, and with some procedures, notably with fucose, may be as high as -4-10 per cent (6, 3) . Of the two correction factors, the one for solubility of the specific precipitate is relatively unimportant. Although correcting to zero volume increases the values for the constituent found in the specific precipitate by from 8 to 17 per cent (except for hog 32 which had a very low precipitating power for anti-A) in the case of the fucose analyses (Table I) and from 7 to 23 per cent in the analyses for glucosamine (1) , it also increases the quantity of antibody nitrogen and hence the magnitude of the correction for the amount of the constituent due to antibody. Since this amount is subtracted from the former value, the two tend to balance each other and the total effect of this correction does not usually alter the results significantly.
The second correction factor, however, is subject to the lknitation that purified blood group antibody is not available and it is necessary to use the values for human gamma globulin. However, should purified antibody become available, any differences in its glucosamine or fucose contents would change all of the values to about the same extent and could readily be applied to the data presented. The magnitude of this correction factor is considerable, generally amounting to about 25 to 35 per cent of the total constituent in the precipitate in both the glucosamine and the fucose analyses on the hog blood substances. The correction was somewhat smaller, generally from 16 to 25 per cent, for fucose analyses on the human blood group substances. This large correction factor greatly reduces the precision of the method and the over-all error in the fucose analyses may be as much as 4-20 per cent. This is illustrated by the two values of 80 and 120 per cent found with hog 8 (Table I) . It was hoped, since fucose is so unusual a substance, that no color would be given by the antibody and that it would be possible to eliminate this major correction factor entirely. Although this has not proven possible, the general consistency of the data clearly establishes that, within the admittedly large experimental error, the fucose in the best hog and human blood group A preparations is completely precipitated by anti-A. Indeed, since the fucose content of the hog and human blood group substances varies (3) ( Table I ) and since the human substances have much more fucose than the hog substances, the uniformity of the findings establishes the variability in fucose content as a property of the blood group preparations and is consistent with similar conclusions drawn from studies on the cross-reactivity of these substances (3, 7) . Accordingly the blood group activity cannot be considered as associated with a single chemical substance, but rather that the hog and human blood group preparations, as isolated, constitute a family or spectrum of substances. It is not known whether the variation in fucose content (or other variations which may be found) is determined by the individual animal or human being from which the material is obtained or is a consequence of degradation during the isolation.
The data obtained make it possible to increase the minimum estimate of 28 per cent obtained from glucosamine analyses for the weight of substance involved in the reaction with anti-A by adding the additional weight due to fucose. For the hog substances this amounts to an additional 6 to 9.6 per cent and for the best human substances from 11 to 18 per cent. Thus from 34 to 38 per cent of the weight of the hog preparations and as much as 45 per cent of the weight of a human blood group A substance has been shown to be precipitated by anti-A. From the cross-reaction studies (3, 7, 13, 14) and the demonstration that the glucosamine is present as N-acetyl glucosamine (15) , it is reasonable to assume that both the galactose and the acetyl could also be precipitated by anti-A. This would raise the weight of material associated with A activity in these prepartions to about 70 to 80 per cent and leave only the r61e of the amino acids to be established. ,9
It may be argued that the error of 4-20 per cent in the fncose analyses leaves considerable room for non-uniformity or variations in activity of the individual preparations. This would, of course, be true if the only immunochemical data obtained were glucosamine or fucose analyses on specific precipitates. However, the various preparations have been compared in their relative capacities to precipitate anti-A (1, 2) a determination which can be made with much smaller errors and does not involve the two correction factors. Indeed, if the entire precipitin curves of two preparations are obtained (1, 2) , their relative potency may be estimated with an error of but a few per cent (cf. [16] [17] [18] and since the results may be expressed in colorimeter readings instead of antibody nitrogen (16) , these values are independent of the assumption that gamma globulin and antibody give the same color value with the Folin-Ciocalteau reagent.
The data do not permit the exclusion of smaU amounts of impurities. Indeed, Holzman and Niemann (19) have reported variations in the amounts of material absorbing at 2600/~ in various fractions purified from gastric mucin and have attributed this absorption to an impurity. In this laboratory it has also been noted 1 that the individual hog blood group substances vary considerably in their absorption at 2600/~. Since the nature of the absorbing material is not known, it is not possible to estimate its amount. It should also be borne in mind that the blood group preparations and gastric mucin are obtained by autolysis or peptic digestion and it is possible that not all of the material may have undergone digestion to the same extent. Under such circumstances it is possible that some heterogeneities among individual molecules of blood group substance may occur and that part of the material or individual preparations may differ slightly in amino acid composition or in other constituents, but that these variations may not be sufficient to affect even the quantitative measurements of relative activity.
The fucose analyses and the glucosamine analyses (columns 15 and 16) are generally consistent except that the glucosamine values tend to run below 100 per cent and the fucose analyses somewhat above 100 per cent. This is possibly due to slight differences in the glucosamine and the fucose color value for gamma globulin as compared to antibody. Were the former value to be slightly lower and the latter slightly higher the two sets of results would be identical.
In certain instances where only relatively small amounts of O substance are present considerable differences between the fucose and glucosamine results are noted. For example, hog 9 shows 129 per cent of the fucose and only 70 per cent of the glucosamine to be precipitated by antibody.. Since the fucose contents of individual blood group preparations vary considerably, it is also possible that the fucose contents of the A and O substances of heterozygous hogs may also vary. Were the fucose content of the A substance of hog 9 high and that of the O substance relatively low, such variations would not be excessive. Variations in the fucose content assume much less significance in samples where only a relatively small quantity of A substance is present (e.g. hog 32). A similar situation may obtain with some of the human preparations, in which a substance which is not A substance and may possibly be O substance, is also present.
SUMMARY
Analyses of specific precipitates of hog and human blood group A substances for the amount of fucose precipitable by antibody have shown, that with certain preparations, essentially all of the fucose of the blood group substance is precipitated.
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